a Objective: To explore the relationship between hepatitis C virus (HCV)/HIV coinfection and responses to initial antiretroviral treatment (ART).
Introduction
Approximately 30% of HIV-1-infected individuals in the United States are coinfected with hepatitis C virus (HCV) [1, 2] . HCV/HIV is also causing health burden worldwide [3, 4] . Despite extensive research and subsequently better understanding of the negative effects of HIV infection on HCV replication, persistence, and liver fibrogenesis [5] [6] [7] [8] , whether HCV is associated with HIV progression continues to be debated. Natural history studies show that, prior to antiretroviral treatment (ART) initiation, HCV/HIV-coinfected patients have similar HIV disease progression compared with HIV-monoinfected patients [2, 9, 10] . However, inconsistent results have been reported for CD4
þ cell and HIV virologic responses to ART as well as HIV progression and mortality. Whereas some studies have shown that HCV coinfection is associated with either smaller CD4 þ cell increases after initiation of ART [11] [12] [13] [14] [15] [16] or a delayed CD4 þ cell response [17] , other studies report early detected differences in CD4 þ cell response wane over time [4, 18] . Many studies have not found such an association [3, [19] [20] [21] [22] [23] [24] [25] . Most of the aforementioned studies did not report on or find any association between HCV/HIV coinfection and patients' HIV-1 virologic responses [12, 13, 26] . In a recent metaanalysis, HCV/HIV coinfection was not found to be related to AIDS-defining endpoints [15] , consistent with some previous studies [27, 28] , although other studies have shown the opposite [29] . These inconsistent results may be explained by relatively small sample sizes of some cohort studies, the heterogeneous populations studied, the limited baseline information collected, and the different ART regimens studied, including many regimens that are no longer in use.
This article reports on analyses combining data from four randomized studies of initial antiretroviral regimens in HIV-1-infected treatment-naive individuals that were conducted in the United States by the AIDS Clinical Trial Group (ACTG). The aims of this cross-study analysis were to evaluate the association of HCV/HIV coinfection with patients' responses to ART initiation from different perspectives, including virologic responses, immunologic responses, safety concerns and clinical outcomes, and to assess whether HCV/HIV coinfection modifies ART treatment effect when comparing specific regimens.
Methods

Study design
Randomized treatment arms, sample sizes, and extent of follow-up of the four included studies, ACTG A5073 [30, 31] , A5095 [32] , A5142 [33] , and A5202 [34] [35] [36] , are detailed in cited published papers and summarized in Table 1 . These studies were approved by site institutional review boards; participants provided written informed consent.
In the analyses, data from two treatment arms were excluded because of their limited applicability: in A5073, one arm received directly observed therapy; in A5095, the triple nucleoside reverse transcriptase inhibitor (NRTI) arm was terminated early because of its inferiority to efavirenz (EFV)-containing arms [32] . Participants were followed by study-specified schedules, typically at 12-week intervals, which were independent of whether the participants were on their initially assigned regimen. Analyses were restricted to participants with at least one follow-up HIV-1 RNA measurement. Race/ethnicity is a potential confounder for the association between HCV/HIV coinfection and participants' responses to ART. Because of small sample sizes, participants with race/ethnicity other than white nonHispanic, black non-Hispanic, or Hispanic were excluded from analyses.
Liver-related measurements
All four studies required HCV serology as well as hepatitis B virus (HBV) test results within 1 year prior to study entry, except for participants enrolled into A5095 under protocol version 1.0. As HCV RNA was not uniformly available, those with positive HCV antibody results between 1 year prior to and 4 weeks after study entry were assumed to have chronic HCV infection prior to ART initiation. Patients with a first HCV serology result after 4 weeks after study entry, mainly from A5095, were 2726 AIDS 2013, Vol 27 No 17 Terminated early by the study DSMB due to its inferiority for virologic outcome, excluded from the analysis.
excluded from the primary analyses but included in sensitivity analyses. Patients with positive HBV surface antigen were defined as having chronic HBV before initiation of ART. All four studies collected baseline aspartate aminotransferase (AST) and alanine transaminase (ALT) at entry. Entry criteria for the studies required that AST and ALT be five times or less than the upper limit of normal (ULN) and total bilirubin 2.5 or less than ULN (except A5095). In the absence of liver biopsy or transient elastometry results, baseline AST/Platelet Ratio Index (APRI) [37] and FIB-4 [38] were calculated to reflect the severity of the liver disease before ART initiation across studies, acknowledging that these surrogate biomarkers may not be as accurate as biopsy or transient elastometry results. All four studies specified any condition, including active drug/alcohol use, which at the discretion of the local investigator might compromise patients' ability to participate in the study as study entry exclusion criteria.
Outcomes
Time-related endpoints were calculated from randomization. Virologic response for this analysis was measured by time to virologic failure, defined as two consecutive plasma HIV-1 RNA either at least 1000 copies/ml at or after week 16 and before week 24, or at least 200 copies/ ml at or after week 24. Patients who discontinued the study at week 4 with HIV-1 RNA more than 50 copies/ ml and less than 0.5 log 10 copies/ml lower than baseline and those discontinued at week 8 with HIV-1 RNA more than 50 copies/ml and less than 1 log 10 copies/ml lower than baseline were considered having virologic failures at weeks 4 and 8, respectively. Immunologic responses were analyzed as the average CD4 þ cell count, CD4 þ %, and their changes from baseline. Clinical outcomes were times to first of new on-study AIDSdefining event or death regardless of cause, and to death alone. The safety-related endpoint was time to first grade 3/4 signs/symptoms or laboratory abnormality [toxicity rating scale developed by the Division of AIDS (version 1.0, December 2004)] that was at least one grade higher than at baseline. Adherence to the prior 7 days of ART was collected via self-report at 24-week intervals throughout the four studies. The adherence scores at each measurement time point for patients still in followup were grouped into four levels: 100% adherent; less than 100% adherent; not on medication; and unknown.
Statistical analysis
Baseline demographics and clinical characteristics were compared between HCV/HIV-coinfected and HIVmonoinfected patients using Wilcoxon rank-sum test for continuous variables rather than normal distribution assumption-based parametric analysis to account for skewed data and x 2 test for categorical variables. Baseline covariates, including age, sex, race/ethnicity, HIV-1 RNA (grouped a priori into <10 000, 10 000 -<100 000, 100 000 -<200 000, and !200 000 copies/ml), CD4 þ cell counts (< 50, 50 -< 200, 200 -< 350, 350 -< 500 and ! 500 cells/ml), prior AIDS history, previous or current intravenous drug user (IVDU), and chronic HBV infection, were controlled for in regression analyses regardless of their significance between groups at baseline. Time-to-event outcomes were compared based on log-rank tests stratified by treatment arms; event time percentiles were estimated by the Kaplan-Meier method. Cox proportional hazard models, stratified by treatment arms, were fit with and without adjusting for baseline covariates. Antiretroviral regimens were grouped according to their dual NRTIs and the third drug in the regimen, that is, protease inhibitors (all ritonavir boosted) vs. the non-NRTI EFV use. Whether HCV/HIV coinfection modifies the ART effect when comparing specific regimens, hereafter referred to as the 'treatment modification effect', was evaluated in Cox proportional hazard models stratified by study by testing for an interaction between antiretroviral regimen groups and HCV status. CD4
þ cell measurements in every 24-week interval were compared between groups using linear regressions controlling for baseline covariates. Repeated CD4 þ cell measurements during follow-up were modeled using linear mixed effects models with a random subject effect. In post-hoc regression analyses, interactions of HCV/HIV coinfection status with baseline HIV-1 RNA on virologic response and with baseline CD4 þ cell counts on CD4 þ cell responses were evaluated adjusting for other baseline covariates. Adherence (100% vs. <100%) of those who were still on ARTwas compared between HCV/HIV-coinfected and HIV-monoinfected patients using logistic regressions at weeks 24, 48, 72, and 96. Repeated measurements of adherence during follow-up were modeled using generalized estimating equations with a compound symmetry covariance structure. Additional analyses on patients' responses to ART controlled for the most recent adherence (with four categories) in addition to baseline covariates mentioned above. All comparisons were conducted with a twosided significance level of 0.05, without adjusting for multiplicity.
Results
Baseline characteristics
Of 3041 white, black, or Hispanic patients with available baseline HCV serology, the majority were from A5202 and A5142 (57 and 23%, respectively); 279 (9.2%) were HCV-seropositive and assumed to be coinfected (Table 2) . Compared with HIV-monoinfected, HCV/ HIV-coinfected patients were significantly older (median age 44 vs. 37 years), more likely to be black non-Hispanic (47 vs. 36%), and prior/current IVDU (52 vs. 5%; all P values <0.001). HCV/HIV coinfection was also associated with significantly higher AST, ALT, FIB-4, and APRI (all P values <0.001). The median (25th, 75th percentile) FIB-4 and APRI scores among coinfected patients were 1.41 (0.92-2.41) and 0.45 (0.28-0.90), respectively, indicating mild-to-moderate liver fibrosis [37, 38] . Thirteen percent of HCV/HIV-coinfected patients based on FIB-4, or 10% based on APRI, had high values of noninvasive markers, suggesting severe liver fibrosis.
Virologic response HCV/HIV-coinfected patients had significantly earlier time to virologic failure after initiating their ART than HIV-monoinfected patients (log-rank P value <0.001, HIV-monoinfected patients. The hazard ratios (95% CI) of having virologic failure for HCV/HIV-coinfected vs. HIV-monoinfected patients were 1.60 (1.27-2.02) and 1.43 (1.07-1.91) before and after adjusting for baseline covariates, respectively. The association of HCV/HIV coinfection with virologic failure was marginally significantly different by baseline HIV-1 RNA level (interaction P value ¼ 0.078), primarily among the 329 patients (27 coinfected vs. 302 monoinfected) with baseline HIV-1 RNA less than 10 000 copies/ml with a hazard ratio (95% CI) of 3.06 (1.56-5.99). These patients were more likely to be black non-Hispanic, current/history IVDU, and HBVinfected (Supplementary Table 1 , http://links.lww.com/ QAD/A381). Within groups with higher baseline HIV-1 RNA (!10 000 copies/ml), the hazard ratio of time to virologic failure between HCV/HIV-coinfected and HIVmonoinfected patients did not individually reach statistical significance, although coinfected patients had consistently higher hazards (all hazard ratio point estimates >1.0, Fig. 1b) . There was no significant treatment modification effect by HCV/HIV coinfection status (P value ¼ 0.75 for NRTI groups and 0.66 for the third drug in regimen groups, Supplementary Table 2 , http://links.lww.com/ QAD/A381).
CD4
R cell response At baseline, HCV/HIV-coinfected patients had on average slightly lower CD4 þ cell counts and lower CD4 þ %, possibly due to advanced liver disease and hypersplenism, but the differences were not statistically significant (P value ¼ 0.14 and 0.44, respectively, Table 3 ). After ART initiation, HCV/HIV-coinfected patients had lower mean CD4
þ cell count and smaller CD4 þ cell increase from baseline, as well as lower mean CD4 þ % and smaller CD4 þ % increase from baseline than HIV-monoinfected patients at all follow-up weeks (Fig. 2) . At week 48, based on the 2666 patients with CD4
þ cell data and data on baseline covariates, HCV/HIV-coinfected patients had a lower mean CD4 þ cell count of 32.8 (95% CI 9.7-56.9) cells/ml and a smaller increase from baseline of 27.8 (5.9-49.8) cells/ml compared with HIV-monoinfected patients, (P value ¼ 0.005 and 0.013, respectively). Similarly, the HCV/HIV-coinfected patients had a lower mean CD4 þ % of 1.28 (0.16-2.40, P value ¼ 0.025) and a smaller mean increase in CD4 þ % from baseline of 0.96 (0.08-1.84, P value ¼ 0.032). The differences were maintained through week 144 after controlling for baseline CD4 þ cell counts and other baseline covariates in the regression analyses (Table 3 ). In follow-up after week 144, the differences between HCV/HIV-coinfected and HIVmonoinfected patients did not reach statistical significance (results not included), but sample sizes were small, especially for the HCV/HIV-coinfected group. Among 3037 patients with baseline CD4 þ and at least one CD4 þ % increase from baseline than HIV-monoinfected patients (all P values <0.001). Excluding CD4 þ cell measurements after patients experienced virologic failure, these differences decreased slightly and some crosssectional associations were not as significant, in particular for change in CD4 þ % (Table 3) . However, in longitudinal modeling, HCV/HIV coinfection remained significantly associated with lower mean CD4 þ cell count and smaller CD4 þ cell count increase from baseline, as well as lower CD4 þ % and smaller CD4 þ % increase from baseline (all P values <0.001, Table 3 ). The association of HCV/HIV coinfection with the blunted CD4 þ cell response was not significantly different by baseline CD4 þ cell levels (categorized, P values >0.34 at different weeks and longitudinally). There was no evidence that HCV/HIV coinfection modified the treatment effect on CD4 þ cell responses when comparing specific ART regimens 2730 AIDS 2013, Vol 27 No 17 (P value ¼ 0.20 for NRTI groups and 0.88 for the third drug in regimen groups).
AIDS-defining event or death
Eleven percent of HCV/HIV-coinfected patients developed an AIDS-defining event or died while in study follow-up, compared with 5% in HIV-monoinfected patients (P value < 0.001, Supplementary Figure 2 , http://links.lww.com/QAD/A381). The hazard ratios (95% CIs) were 1.57 (1.34-1.84) and 1.51 (1.26-1.81) before and after adjusting for baseline covariates, respectively. Excluding AST and ALT, the occurrence of other grade 3/4 safety events was not significantly different between HCV/HIV-coinfected vs. HIV-monoinfected patients (P value ¼ 0.37). However, HCV/HIV-coinfected patients experienced non-ALT/AST grade 3/4 safety events earlier than HCV-uninfected patients (PH model P value ¼ 0.016 and 0.068 before and after adjusting for baseline covariates, Supplementary Table 5 , http:// links.lww.com/QAD/A381 and Fig. 2 ). There was no significant HCV treatment modification effect for the occurrence of grade 3/4 safety events, both excluding AST/ALT: P value ¼ 0.14 for NRTI groups and 0.48 for the third drug in regimen groups; and considering AST/ ALT alone: P value ¼ 0.80 for NRTI groups and 0.83 for the third drug in regimen groups (Supplementary Table 6 , http://links.lww.com/QAD/A381). The earlier time to grade 3/4 safety event in the atazanavir/ritonavir-containing regimens as compared with EFV-containing regimens was primarily due to expected elevated total bilirubin (Supplementary Table 6 , http://links.lww.com/QAD/ A381). Excluding total bilirubin, this difference was no longer statistically significant.
Adherence
Supplementary Table 7, (http://links.lww.com/QAD/ A381) summarizes self-reported adherence (100% adherent vs. <100% adherent) among those who were still on ART at weeks 24, 48, 72, and 96, by HCV/HIV coinfection status. At week 24 among those on ART, 91% of HCV/HIV-coinfected patients had 100% adherence compared with 87% among HIV-monoinfected patients. Controlling for baseline covariates, HCV/HIV coinfection was associated with increased odds of self-reported perfect adherence with an odds ratio (95% CI) of 1.73 (1.02-2.93), P value ¼ 0.012. At subsequent follow-up weeks, HCV/HIV-coinfected patients were less likely to adhere perfectly, although such adherence remained high. Adjusting for baseline covariates, the difference in adherence between HCV/HIV-coinfected and HIVmonoinfected patients was not significant at weeks 48 (P ¼ 0.73), 72 (P ¼ 0.35), 96 (P ¼ 0.48), or longitudinally (P ¼ 0.09). The observed significant differences between HCV/HIV-coinfected and HIV-monoinfected patients in time to HIV-1 virologic failure, patients' CD4 þ cell response, time to AIDS-defining endpoint or death, time to death only, and time to grade 3/4 safety events were retained after controlling for the most recent adherence score in addition to baseline covariates (all P values 0.009).
Discussion
The reported analyses combined data from four ACTG randomized ART trials with relatively homogeneous populations. The randomization, rigorous study monitoring, and extensive and similar data collection from these clinical trials (Supplementary Table 8 , http://links.lww.-com/QAD/A381) provided a unique opportunity to systematically examine the association of HCV/HIV coinfection with response to ART. HCV/HIV coinfection before ART initiation was significantly associated with earlier time to virologic failure and attenuated CD4 þ cell responses including both blunted CD4 þ cell count recovery and smaller CD4 þ % increase through 144 weeks. The association of HCV/HIV coinfection with attenuated CD4 þ cell responses was retained when restricting analysis to data from patients while not failing virologically. This may be clinically relevant as HCV/HIV coinfection was also significantly associated with accelerated HIV disease progression with a higher risk of developing a new AIDSrelated diagnosis or death.
Our results from data on randomized trials were consistent with results from the large observational Swiss HIV cohort study [11] as well as with other smaller cohort studies [12, 13] . The observed persistently attenuated CD4 þ T-cell responses could be related to worse adherence and higher rates of virologic failure, but this is unlikely as the association remained strong even when limiting analysis to those not failing virologically. Alternative mechanisms may be related to the chronic immune activation reflected by elevated CD38/HLA-DR T cells in HCV/HIV-coinfected patients [39] [40] [41] . Regardless of the mechanism, these findings have important implications in the clinic. Both the International Antiviral Society-USA Panel [42] and the Department of Health and Human Services' HIV treatment guidelines [43] suggest that HCV infection might influence the decision as to when ART should be started, which is primarily justified by the fact that it might influence HCV disease progression. The results from this study further demonstrate that HCV/HIV coinfection is associated with increased risk of clinical progression and an attenuated CD4 þ cell response to ART, both of which would also argue for earlier initiation of therapy in this patient population based upon parameters relevant to HIV disease progression.
The better adherence at week 24 among HCV/HIVcoinfected patients may reflect a selection bias, that is, HCV/HIV-coinfected patients, considered having a high risk of poorer adherence due to substance abuse, for example, may have been scrutinized more closely prior to enrollment. Consequently, HCV/HIV-coinfected patients enrolled into the randomized trials may have been more likely to adhere to their ART than those who were not enrolled. The exclusion criteria of select conditions, including active drug/alcohol usage that might affect patients' adherence, may also contribute to such a selection bias.
The analyses took advantage of the randomization of the ART regimens and assessed the possible treatment modification effects of ART by HCV/HIV coinfection status. As there was no significant evidence that HCV/ HIV coinfection was a treatment effect modifier when comparing antiretroviral regimens, our results do not indicate that HCV/HIV coinfection would need to be considered when choosing among the regimens included in the studies analyzed. However, the relatively small sample size in the HCV/HIV-coinfected group resulted in wide CIs for outcome measures, in particular in subgroup analyses. Consequently, important modification effects could be missed.
Our analyses have several limitations. First, HCV/HIV coinfection status was determined by the serology result alone without confirmation by detection of HCV RNA and due to the lack of liver biopsy or transient elastometry results, severity of liver disease was limited to APRI and FIB-4 measurements. Patients with positive HCV serology results may have included both patients with cleared HCV and chronic HCV infections, although literature indicates that over 90% of HCV infections progress to chronic infection in HIV-infected patients [19] . Nevertheless, our results may be conservative because true associations between HCV coinfection and reduced ART responses might have been diluted by the inclusion of those that had cleared HCV infection selfclearers in the HCV-coinfected group [2] . The opposite may also happen, in which HCV/HIV-coinfected patients with low CD4 þ cell counts could have falsenegative serology result. Misclassification of these patients as HIV-monoinfected would also dilute the detected difference between HCV/HIV-coinfected and HIVmonoinfected patients. The impact of using surrogate markers for severity of liver disease on the outcome of this study is less clear but certainly would not substantially alter the primary findings of the study. Second, in our primary analyses, only data from patients with HCV infection status assessed between 1 year prior to and within 4 weeks after randomization at study entry were included. Sensitivity analyses of time to virologic failure and CD4 þ cell responses including data from additional 411 patients with HCV serology results obtained after 4 weeks after study entry, mainly from A5095 in which serology was not carried out under protocol version 1.0, showed consistent results (data not shown). Third, explicit laboratory-based inclusion criteria in all four trials could have resulted in exclusion of patients with significant transaminase elevation or hyperbilirubinemia, to whom the current result may not be applicable. The trial inclusion criteria may also explain the smaller proportion of HCV/HIV coinfection (9.2%) than the prevalence previously reported [1] . Finally, among the 3041 patients, 17 patients were reported to have received pegylated interferon and ribavirin on study, although use of these drugs was not specifically targeted to be collected by the protocols. Excluding these patients from the analysis did not change the results (data not shown). With the rapidly evolving field of direct antiviral agents for treatment of chronic HCV infection, the association of HCV/HIV coinfection with HIV disease progression also needs to be evaluated in the context of HCV treatment.
This study provides unique data from well characterized patients on the relationship between HCV/HIV coinfection and response to ART. The earlier time to virologic failure results argue for close monitoring of ART treatment effect and HIV disease progression in this population and the blunted immunologic responses support an earlier initiation of ART in HCV/HIVcoinfected patients to optimize their on-treatment CD4 þ cell counts. Further research is needed to determine whether early treatment of HCV in HCV/HIVcoinfected patients would be associated with improved responses to ART and clinical outcomes.
